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ABSTRACT 


A numerical controller has "been designed and 
fabricated for a milling machine providing continuous 
two-dimensional position control in the horizontal plane 
with the facility to adjust the vertical position manually. 

The machine table is driven by stepper motors which are 
digitally controlled by the instructions received from an 
input program. Each instruction corresponds to data for 
an interpolation interval or an OP code. The data for each 
interpolation interval consists of three words » each of 12-bits 
(i) the length of cut 'L' (ii) its x-component (X) and 
(iii) its y-component (Y), which are fed to the system 
serially. PEM technique has been used to implement the 
linear interpolation principle. 

The system provides various operational facilities 
viz. floating zero, variable feed drive, fast return to origin 
and safety measures to protect the machine. The controller 
provides various displays on the console depicting its status 
at all the times. It is automatic in operation except a few 
initial settings. 

A two-dimensional bed-positioner ,simulating a milling 
machine work-piece table, has been fabricated for demon- 
stration. The system has been tested and found to be 
satisfactory. 
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CHAPTER 1 


INTRODUCTION 


Automation plays a vital role in the industrial world 
of today. In almost every field a greater amount of work is 
"being done by machines, with the result that the human skill 
involved is a minimum. Numerical control of machines is one 
of the key features of automation. In the present project, 
an attempt is being made to evolve a scheme by which 
numerical control can be incorporated in an ordinary milling 
machine, simply by adding a digitally driven job positioner 
and a programmed controller for the digital drive. 

Numerical control implies, process control by 
numerals, i.e. it utilizes digital circuits to cause the 
system work in accordance with instructions coded in 
ntxmbers, given to the system through an interface. It 
differs from the analogue since it utilizes only the 
presence or absence of signals to opera,te. The basic 
difference between the hioman and nmerical control lies in 
the former's ability to think originally. Numerical control 
replaces human operators, but can do only those jobs for 
which the designer has made it capable and nothing more. 

There are various types of numerical control, 
depending on the job to be performed. It has been widely 
used for the machine tools e.g. finite position control 
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system; 'point to point' control for processes as boring, 
drilling; two axis continuous positioning, etc. 

Numerical control has a wide scope for usage. 
Different systems are built for different jobs to be 
performed and hence the cost of the system depends on 
the complexity to be introduced. With the advent of 
microprocessors, it is possible to design extremely 
versatile numerical control system with the flexibility 
limited only by the software. However, most practical 
N/C systems needed in machine shop operations like the 
problem under our consideration have essentially to be 
custom-made for specific types of jobs because the cost 
of a precision machine is usually much more than that 
of the controller. The present thesis is therefore 
restricted to the design of hardware based on the 
standard available digital IC's (TTl 7400 series). This, 
as borne out by the actual design, is capable of suffi- 
cient flexibility with a simple low cost control system. 

The next chapter is devoted to the principles of 
the hardware for the numerically controlled milling and 
explains its advantages and limitations. The construction 
of the mechanical model simulating a milling machine is 
taken up in Chapter 5* 

Chapter 4 deals with the overall system design. 

The block diagram is explained with some of the blocks 
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explained in detail. Tiie COI'^ROl tinit has been explained 
in Chapter 5> starting with a flow-chart bringing out the 
logical organisation of the system, followed by explaination 
of its hardware implementation. 

The design of the translator for the stepping motor 
is presented in Chapter 6 followed by the system layout 
and the operating instructions in Chapter 7. 

The thesis is concluded with a chapter on the test 
procedure and resxjlts obtained. 



CHAPTBH 2 


NUMERICAL CONTROL HARDWARE 

The principles of the proposed hardware for 
n-umerically controlled milling are discussed in this 
chapter. Section 2.1 describes the advantages of digital 
drive, Sections 2.2 to 2.4 explain the linear interpola~ 
tion [l] and the error that is incurred, and also brings 
into focus the pulse rate multiplier. 

2.1 DIGITAL DRIVE 

A system is said to be nvunerically driven if it 
utilizes digital hardware to control mechanical movements 
with digitally coded instructions. The drive shovild be 
digital in nature to be able to control the feed rate and 
to maintain at the .same time the desired precision, i.e. 
the rotation and the speed of the motors have to be 
directly determined by the number of drive pulses and the 
rate at which these pialses are applied. One possible 
method to achieve this is to use a closed-loop D-C motor 
drive through a digital-t o-analogue interface. Apart from 
the added cost and complexity, this obviotisly restricts 
the accuracy by the digital-t o-analogue converter. A 
stepper motor is ideal for this, since it is inherently 
capable of giving an error-free correspondence between 
the number of applied ptilses and the number of steps of 
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its rotation, A stepper motor, however, le-cks smoothness 
in rotation "because its rotation is basically in discrete 
steps and as such, one can only obtain an average feed 
velocity of the required value. 

2.2 linear IHTLEPOIATION 

In general a trajectory is specified numerically 
either in the form of a series of successive values of 
coordinates or a series of successive increments along 
the coordinate axes. The latter choice is preferable 
since it being smaller values, it can be handled with 
greater ease. The successive increments are so chosen 
that a particular geometric curve joining the end points 
does not differ from the actual trajectory by more than 
the tolerance specified. Depending on the choice of the 
curve bne may obtain linear, circular or parabolic inter- 
polation. We shall, however, restrict our attention to 
linear interpolation where the programme breaks up the 
trajectory into small linear segments. 

Let 

’L* be the desired length of cut 

*1^ be the desired displacement in x-direction 

•y be the desired displacement in y— direction. 

Now if be the required feed velocity, then the required 

velocities along the x and y axes to produce are given 

* 

ty 
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As the velocities are proportional to the corres 
ponding pulse rates, we can write 



7 * 2 

''f L 


( 2 . 5 ) 


and V" I 


( 2 . 4 ) 


where * indicates pulse rates. 

The problem of achieving linear interpolation of 
a given trajectory may be divided into two parts: 

(i) Generation of pulse trains at rate proportional to 
V and V as given by equations (2-5) and (2.4), and 

(ii) Sending of exact numbers of pulses at these rates 
proportional to the numbers x and y, to the x and y 
drives respectively. The second part of the problem is 
relatively simple to solve, one of the common solutions 
being presettable down counters. The generation of 
appropriate pulse rates, however, is a more involved 
problem. There are two possible solutions, but none of 
them is ideal. One possibility is to use a phase-locked 
loop (PIL) which can, in principle, give an output 
frequency proportional to any control data. However, 
since the frequency range required by equations (2.3) 
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and (2.4) is rather large, capture prohlems associated 
with a PIL are likely to be qiaite difficult. The other 
alternative is a pulse rate multiplier (PEH), which can 
generate output pulsea at an average rate proportional to 
a control data. However, the output pulses generated by 
a PBM are not uniformly spaced and hence lead to 
interpolation errors, which are discussed later* The 
PEM has been chosen in preference to the PLI because of 
its easy compatibility with digital drive. The principle 
of a PEM has been taken up in the next section. 

2.3 PTJIiSB EATE MimriPLIER 

A PEM consists of a counter and a set of decoders 
which gate a continuous train of input pulses to generate 
the output pulses in accordance with a control input. The 
input pulse train is usually known as the rate input, 
and the control input, as the data input having its bits 
fed in parallel. The number of output pulses in one cycle 
of the counter is given by the magnitude of the data 
input provided that the data and the counter are compatible 
with each other. 

Pigure 2.1 illustrates a four-bit PEM with parallel 
data fed in binary representation, the decoders being 
simple AITB gates. The number of pulses passing through 
the decoder of one cycle have been marked in parenthesis 
on the figure. The pulses coming out of one decoder never 
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coincides with the pulses coming out of any other decoder. 
This property is the key to the operation of pulse rate 
multipliers, for it allows the pulses coming out of the 
different decoders to he ccsoahined hy a simple OR gate to 
obtain an output having a sequency given by a simple 
algebraic sum of the pulses at the inputs; 


®o ^c 


n 

1=1 



(2.5) 



( 2 . 6 ) 


where is the output sequency, 

f is the frequency of the rate input 
c 

X is the data input 

and Xj_, X^ are the bits representing X. 

2.4 ERROR IR LINEAR INTERPOLATION 


It has been pointed out dn Section 2*2 that a PEM 
gives output pulses at a non-uniform rate. As the drive 
motors are driven digitally the actual movement can have 
only three slopes. The slope is 0®, 45 ° or 90° depending 
on whether only an 'x' pulse comes ^ an 'x' pulse and a 
•y' pulse occur simultaneously, or cxnly a *y' pulse ccanes, 
respectively. This gives rise to an error in linear 
interpolation and has been illustrated in Pigure 2 . 2 » 


It is clear from the example given in Figure 2. 2 
that by virtue of the discrete as well as non.- uniformly 
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distributed nature of the drive pulses » the output motion 
cannot exactly follow the strai^t line whose slope is given 
yA* As has been shown in Eigirre 2. 2» the trajectory 
of motion is given by a zig-zag line which is ssrmmetrically 
oriented with respect to the desired straight line. The 
zig-zag line joins the same two end points of the spatial 
interval. A general expression has been derived by 
Earibskii [2] for the magnitude of the deviation 'A* of 
the zig-zag line from the required line. Earibskii 
estimated the absolute upper limit for ‘A’ to be n/V'2 
where n is the maximum nixmber of data bits. 



CHAPTER 3 


MECHAHICAl SYSTEM 


To test the performance of the circuitry developed 
for numerical control of milling machine > a mechanical 
system has "been fabricated. This» model set-up simulating 
milling machine work-piece table is necessitated because 
of the non-availability of stepper motors with high torque 
and/or high r.p.m. in India to drive the conventional 
milling machine. Brief description of this model set-up 
has been presented in this chapters 

3.1 SYSTEM SPECmCATIONS 

The system, as already mentioned, has been built for 
demonstration of the Digital control. To find out the 
accmracy that can be achieved by the system, it is necessary 
to mention the details of the data that can be fed to the 
Digital Control. The minimum length of interpolation is 
taken to be 0.1 mm. It is based on the assumption that 
any engineering cxirve can be linearly interpolated, with 
the minimum length of interpolation being 0.1 m.m. The 
least count of the system has been assumed to be 
0.01 mm., i.e. for every pulse to fed motor, the 
distance covered is 0.01 mm. These are fixed by the 
number of bits for a data that have been provided in the 
system. It has been pointed out in Chapter 2 that for 
every interpolation interval* three things are to be given, 


viz., (1) length, (2) compcaient in x-direction and 
(3) component in y-direction. The data length is taken to 
be 12 bits, out of which one bit is required for parity in 
each case and another is required for sign of the data for x 
and y components. Hence each component C8.n have a maximum 
magnitude of 10 bits. As the least count of the system is 
0.01 mm., the maximum length that the 10 bits can represent 
is (2^^-l)x 0.01 5f 20 mm., i.e. maximum component on either 
axis can be 2 cm s in any interpolation interval. Accuracy 
that should be obtained is 0.01 mm which is the least count 
of the system, but is not achievable because of the inherent 
error in linear interpol action which has been described in 
detail in Section 2.4. 

Hence accuracy desired is 0.01 mm. 

The total travel in the forward and cross directions 
has been chosen to be smaller than what is provided in an 
actual milling machine for the sake of portability of the 
simulated bed. However, care has been taken to ensure that 
contours of reasonable size can be demonstrated. The 
chosen values are; 

Total travel in the forward direction = 20 cms 
Total travel in the cross direction = 15 cms. 

Hor the desired accuracy the lead screw pitch 
required with this system is 0.01x200 = 2 mms. The lead 
screw of this pitch was not available, but a lead screw 
with a pitch of 6,3 inm, (1/4" ), which was available, has 


been used 


/ 
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This model should he capable of giving continuous 
two-dimensional movement when driven by the torque available 
from the stepper motor, which is much smaller than that 
required for driving a conventional milling machine bed. 

This is because of the sliding friction due to its dove~ 
tail construction^ Hence a different type of arrangement 
utilizing roller bearings has been used here since rolling 
friction is much less than sliding friction. 

3.2 SUPPORTING BLOCK ANB TABLE PLATES 

It has been mentioned in the previoiis section that 
the set-up should have low-friction to allow free movement 
with smaller torque. The supporting blocks have to meet 
two requirements 

(1) To prohibit any movement in the vertical 
direction. 

(2) To stop any movement in the lateral direction. 

This can be done by supporting the plates at 45° as 
shown in Figure 3.1. The aluminium plates have been chosen for 
light-weight consideration and hence M.S. Wedges have been 
fixed at the ends of the plates to avoid fast wear and 
tear (Figxire 3*2). The supporting blocks (Figure 3.3) have . 
also been made of aluminhDca*. The n'umber of such blocks 
has been so chosen that the load shared by each bearing 
does not exceed its limit. 
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3 . 3 IBAD SCREW NUT 

Tlie lead screw nut is designed so tliat small 
inaccuracies in the straightness of the lead screw do 
not require additional force for driving the machine 
table. To accomplish this, the lead screw nut is made 
in two parts, one sliding in the other (Figure 3.4). The 
surfaces which slide are accurately machined, the result 
being that the back-lash problem is a minimum but still 
permits smooth sliding. Care is taken in preparing lead- 
screw nut so that it matches with the lead-screw 
providing a minimum amount of back-lash. 

3.4 REDUCTION GEAR 

The stepper motor is inherently a low speed drive. 
Hence gears for reducing the speed are not needed. A 
direct coupling is used for connecting the stepper motors 
to the system. The stepper motor needs 200 pulses for 
completing one rotation, i.e. eveiy step makes an angular 
movement of 1.8°. For ensuring accurate, continuous 
movement of the system, it is essential to have a 
transducer to track the mechanical movement continuously. A 
disc with optical gratings has been used for the purpose 
but as the angular movement per step is 1.8°, the required 
disc size to enable the transducer to pick up every step 
movement becomes very large. Hence a step-up gear is 
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used to reduce the disc size and still perj^iitting it to 
pick up movement due to each and every step, 

3,5 SYSTEM DESCRIPTIQM 

The system has been fabricated in accordance with 
the specifications spelt out in Section 3,1, The principal 
components have been explained in previous sections. The 
M.S, Wedges and half of lead screw nut is fixed to the 
respective table plates. The other half of lead screw nut 
is put in the lead screw which is supported at the ends by 
conventional ball-bearings fitted in plummer blocks. The 
stepper motors are rigidly coupled to the respective 
lead screws. The complete set-up is shown in Eig. 3,5, 



CHAPTER 4 


OVBRAlil SYSTEM DESIGN 

This chapter deals with the various req-uirements 
of the system to meet the specifications spelt out in the 
previous chapter. Section 4.1 describes the requirements 
arising out of the features to he incorporated for the 
convenience of the user. The descriptions of the various 
blocks shown in the block diagram (Figure 4.1) axe taken 
up in the subsequent sections. 


4.1 OPERATING FEATURES 

The word-size requirement has been decided in 
Chapter 5 to be 36 bits for each interpolation interval. 
Since the entire program for a particular N/C (Numerical 
Control) job is to be serially accessed from a serial 
access memory (SAM) and then executed, two registers are 
required: (i) An execution register (BREG) holding the 
data being executed, and (ii) A buffer register (BREG) 
holding the next data to be executed. This enables 
continuous operation without waiting for the access op 
the next data from the SAM. Besides these basic require- 
ments the following facilities are to be provided for the 
convenience of the user: 

1. Facility to provide a > floating zero*. 




FtG-A.1 BLOCK DIAGRAM 
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2. Fast return to the starting point, if so desired, 
after the completion of a pass. 

3 . Automatic stop, enabling manual intervention at 
certain pre-programmed points, marking the ends 
of the cycles. 

4 . Automatic stop and indication when a job is completed. 

5 . Manual halting of the system at any point during the 
process without any loss of data. 

6. Manual stop without any relevant data being left in 
the system. 

7 . Continuous control of feed rate. 

8. Error indication in case data does not come from SAM 
inspite of the demand. 

9 . Disabling of control and error indication in case the 
motor movements do not correspond to the drive pulses. 

10. Numeric displays of the position, number of passes and 
number of cycles. 

11. Indication of the state of the controller (Halt, 

St op , Error , Ready et c . ) . 

4.2 SERIAL ACCESS MEMORY (SjU)5) 

The memory used here, SAM, is being designed in 
another M.Tech.proj ect , which gives one word (in this case 
12 bits) of data whenever a demand pulse is sent to it. 

It provides the system the data, the bit clock as well as 
the word clock which coincides with the last bit block of 


the word 
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4.3 PROGRAMJABIE DIVIDER AITO DECODER 

A programmable divider ‘basically gives the scaling 
factor which was written as *1’ in equations (2.3) and (2.4)> 
to the feed clock which is directly proportional to the 
feed velocity. This has been realized by using presettable 
up/down binary co-unters (SN 74191) because the data is in 
binary form. The decoder is used to sense the condition when 
all the bits in data ’L' are zero, and under this condition 
to inhibit the clock pulses going to the PRM. 

4.4 RE&ISTERS MD PELSE RATE MULTIPLIER 

The need of the registers has already been pointed 
out in Section 4.1 and the principle of a PRM has been 
explained in Section 2.3. This has been realized by 
cascading two 6-bit PRM chips (SN 7497). Two most significant 
bit inputs have been gro\mded as only 10 bit data is fed to 
it. 


4.5 DOW GOTMTERS 

The purpose of the down counters is to supply the 
exact number of pulses for every interpolation interval. 

The down counter is preset ..with the x- or y-data, as 
applicable, simultaneously, with the loading of the same 
data into the execution register from buffer register. 

After the required number of pulses have been received 

from the respective PRM, the down counter reads zero and sends 

a command to the control unit which disables the corresponding 
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pulse rate miiltiplier. Tills has been realised hy cascading 


* 


4-1111 presettable up /down counters (SN 74191)* 

4.6 LOGIC FOE DISPLAY 

A simple circuit is developed to provide FLOATING 
ZERO facility to the user. The requirements of the logic 
circuit is explained in Truth Table* shown.iin-_ Figure, 4 •2a^ and 
illustrated in Figure 4.2b. There are two independent 
variables', t S^» the sign of data input and P, the logical 
position variable of the machine table and it is 'O' when 
the location gis positive, i.e. above the axis and when 
it is negative, i.e. below the axis, and, two dependent 
variables Sj^, the display sign and Cjj, the display counter 
mode. 

It is easily seen from the Truth Table in 
Figure 4*2athat display sign does not change xmtil P 
changes its value, i.e. it crosses the axis. This is 
realized by an edge triggered 'D' flip-flop at the instant 
when P changes and takes the value in accordance with 
at that time. The counter mode should change whenever the 
sign of the fresh data obtained changes or, when display 
sign changes, but should not alter it both of them change 
at the same time. This has been realized by an EZ-OR gate, 
its inputs being and To ensure correct display, the 

counter mode should change before next pulse is fed to it 
hence a delay 't* is provided for the pulses going to the 
counter input. The complete circuit is shown in Figure 4.3» 
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fig-4.3 logic circuit FOR DISPLAY 
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4.7 COIMTERS AED DISPiAT 

The position of machine table at all times is 
displayed using 7-segment display. The counter being used 
to keep track of the position continuously is realized by 
using synchronous up/down decade counters (SN 74190). Eor 
decoding the counter state and driving 7-segment display, 
decoder driver (SN 7447) is used. These counters also 
provide look ahead carry signals called max. /min. outputs, 
which when combined in a AUD gate provide enabling input, 
called M shown in Figure 4*5, to the D-flip-flop. 

4.8 SENSOR AKD ERROR DETECTION UNIT 

To check continuously the movement of the mechanical 
system a transducer, which can give the output for every 
step movement by the motor is needed. For this purpose a 
photo-transistor which gives out a pulse whenever light 
reaches it by the movement of a disc with optical gratings, 
is utilized. The circuit for this purpose is shown in Figure 
4 . 4 . Error detection "unit continuously keeps track of the 
number of input pulses and pulses through the sensor and 
whenever the difference goes beyond the limit, an error 
signal is sent to the control unit disabling the system 
from sending further drive pulses and an error indication 
is lighted. 

4.9 CONTROL UNIT AND TRANSLATOR 

These have been explained in detail in Chapters 5 


and 6 respectively 



DRIVE. 








CHAPTER 5 


CONTROl UNIT 

The control unit is responsible for the execution 
of the j oh in accordance with the commands, which may be 
given to it manually from panel switches or electrical 
from coded input data. Depending on the type of command, 
one can over-ride the other commands. The requirements 
of the control unit have already been pointed out in the 
previous chapter and these are put briefly in the .light 
of the hardware required in the first section along with 
the flow-chart tu help in understanding the control unit 
of the system. The circuit required for generating the 
demand pulses to obtain the data from the SAM has been 
dealt with in the next section# while the hardware required 
for interrupting the system manually or otherwise is 
described in the one next to that, followed by the code 
detection scheme. The provision of the fast return to the 
'Defined Origin' and the indication of the completion of a 
cycle or the job are then discussed and the chapter is 
concluded with a description of the circuit for generation 
of the feed clock used to vary the feed velocity of the 
machine. 
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5.1 CONTROL UNIT PLOW-CHART 

The various operating features chosen for the system 
have been mentioned in Section 4*6. These features may be 
broadly grouped under the following three heads; 

(1) Uninterrupted Execution of Input Data; 

During noimal running of the program, in absence of 
any 'Op Code' or 'Interrupt', the values of L, Z and Y 
relevant to the current interpolation interval are stored 
in BRBG, while those corresponding to the next are stored 
in BREG. The completion of the execution of the data is 
marked by a pulse Djy, generated by the appropriate 
decoding of the states of the up/down counters. Each 
Dxy pulse therefore transfers data from BREG to EREG, 
provided, of course, that no Op Code or Interrupt has been 
encountered, and then resume the execution of data stored 
in EREG as before. The Dxy pulse also sends a DEMAND for 
the next data, which gets loaded in BREG. This is 
achieved by means of the SINC latch, which is set by any 
OP code or Interrupt (except HALT, as explained later). SING 
latch is used to clear the BREG whenever it gets set as 
explained in Section 5 . 3 , 

( 2 ) Execution of OP Codes; 

OP codes are incorporated in the input data in a 
manner discussed in Section 5*4, in order to perform the 
PASS OVER, CYCLE OVER and JOB OVER operations, the corres- 
ponding codes being stored in the program at appripriate 
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places. ¥e asstime here a 2-'bit code resulting in four 
different operating instructions as explained in Table 5.1* 


Table 5.1: OP CODES 


OP 

CODE 

INTERPRETATION 

ACTION TAKEN 

CaTDITION AFTER 
ACTION 

01 

PASS 

OVER 

Retrace the path towards 
the DEEINID GRID IN first 
along the y-axis and 
then along the x-axis. 
Increment the Pass 
counter. 

The process 
continues 

10 

PASS 

OVER 

Retrace the path towards The process 
the DEEINED ORIGIN first continues, 
along the x-axis and then 
along the y-axis. Incre- 
ment the PASS counter. 

11 

CYCLE OVER 

Stop after the data in 
EREG is executed. 
Increment the CYCLE 
counter. 

System can be 
restarted by 
manual START 
pulse. 

00 

JOB 

OVER 

Stop after the data in 
EREG is executed. Give 
indication of JOB 

OVER. Increment CYCLE 
counter. 

System has to 
be first RESET* 
and then only 
it can be re- 
started by 
manual START 
pulse. 


=t= This feature is introduced to prevent the operator from 
accidentally starting the next job before setting up the 
machine and work-piece for the next job. 
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( 3 ) Int errupt Pac ilit i es : 

The interrupt commands HALT, STOP, INPUT ERROR (IB) 
and OUTPUT ERROR (OE) can over-ride the normal operation 
and are explained in the Table 5 *2. 


Table 5.2: INTERRUPT PACIEITIES 


CONDITION ACTION PROCEDURE FOR 

RESTART 


HALT 

Stop immediately with EREG- and 
BREG holding the present data. 

Manual START 

STOP 

Stop after executing data in 
EREG and BREG 

pulse 

IE 

Stop after executing data in 
EREG. 

Manual RES ED' 
followed by 

OE 

Stop immediately. 

Manual START 
pulse 


+ This feature is introduced to ensure that the 
operator corrects the error condition and resets 

the system before continuing with the job. However 
a built-in provision prohibits the system from 
running in case the operator presses the RESET 
without correcting the errors. 

The manual RESET feature is necessitated in connection 
with JOB Ol/ER, OP code as well as IE and OE interrupt condi- 
tions to permit the system to start by enabling READY latch 
to be set, because of the fact that these interrupt condi- 
tions inhibit the setting of READY latch, which is used to 
generate a single pulse whenever the manual start is present. 
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The complete flow-ciiart based on the foregoing 
considerations is shown in Figure The STUSTD-BY block 

represents the state of the system whenever it is awaiting 
a manual intervention for re-start. The sequences xmder 
various conditions are now explained. These can be 
easily looked into the flow-chart. 

A. IIJITIAL START 

1. Switch ON system. 

2. READY latch is set. 

3 - Push START. 

4» READY latch is cleared. 

5. SYNC latch, counter of 3 and CREG are cleared. 

6. Data is loaded from BREG tu BREG. 

7. DEMAND is sent. 

8. BREG is loaded with data. 

9. Steps 6,7 and 8 are repeated, 

10. Data stored in BREG is executed. 

B. CONTINUOUS RUN 

1. Push START. 

2. READY latch is cleared, 

3. SYNC latch, counter-of-3 and CREG are cleared, 

4* Data is loaded from BREG to BREG 

5, DEMAND is sent* 

6, Data is executed until D^y = 1 

7, Sequence 3-4-5 -6 is repeated. 




READY 


ERROR 


standby 


SEND 

DEMAND 


^PUSH 

STARt 


error 


CHECK input 
^FOR- CODE 


SET , ■ ,>> 


^HALTE.DT^'sJNO 


MANUl 

^ orop. 


CODE 7 
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G. PASS OVER 

1-6 Same as in CONTINUOUS RUN 

7. Code is sensed, hence STOP and SINC latches are 
set. 

8. CRE& is checked. 

9. The table is brought to the DEFINED ORIGIN. 

10, The Pass counter is incremented, 

11. System goes to step 3. 

D. CYCLE OVER 

1-8 Same as in PASS OVER. 

9. CYCLE counter is incremented. 

10. READY is set. 

11, Go to step 1. 

B. JOB OVER 

1-8 Same as in PASS OVER. 

9. CYCLE Counter is incremented and JOB OVER 
indication is lighted. 

10. READY latch is not set and system comes to 
STAND-BY. 

F. INPUT ERROR 

1-6 Same as in CONTINUOUS RUN. 

7. INPUT ERROR is sensed, STOP latch and SHTC latches 
are set and INPUT ERROR indication is lighted. 

8. CREG is checked. 

. No code. Ready latch is not set and system comes to 
STAND-BY. 


9 
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G. OUTPUT ERROR 

1-6 Same as in COUTIITUOUS RIM. 

7. OUTPUT ERROR sensed. 

8. OUTPUT ERROR indication is lighted. 

9. READY is not set and system comes to STAUD-BY. 

H. HALT 

1-6 Same as in GOUTBIUOUS RUN. 

7. Push HALT 

8. Halt indication is lighted. 

9. ready latch is set and system comes to STAND-BY. 

J. STOP 

1-6 Same as in GONTIEIOUS RUN. 

7. Push STOP. 

8. STOP indication is lifted. 

9. SYNC latch, coimt er-of-3 and GREG are cleared. 

10. Data is loaded from BRIG to EREG. 

11. SYNC latch is set and hence BREG is cleared. 

12. Data in EREG is executed until ^xy - 

13 . GREG is checked. 

14. No code, hence READY latch is set and system 
comes to STAND-BY. 

5.2 DEMAND PULSE GENERATOR 

It has already Been pointed out that the Serial Access 
Memory supplies data word by word. As one demand pulse is 
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fig-5.2 demand pulse GENERATOR 
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is required for each, word hence "three demand pulses are 
required for each int erpola"tion interval which neccssi'bates 
a counter of three for the purpose. When the system 
control ia switched on, both the SREG and the BREG are 
cleared automatically. V/ith initial starting of the process, 
the BREG is filled with data and a set of three demand pulses 
is automatically generated to obtain the next data also. For 
performing other operations - clearing SYNC latch, GREG etc. 
as explained in the PLOW-CHART, before the next set of demand 
pulses is sent to the SAM, two monostable multis have been 
used. The circuit realisation for the demand pulse generator 
is shown in Figure 5 *2. 

5.3 INTERRUPT CIRCUITRY AND SYNC LATCH 

As has been pointed out in Section 5»1, the system 
can be interrupted by either of the following commands or 
conditions : 

(i) HALT command given through a manual push-button, 

(ii) STOP command, given through a mantial push-button, 

(iii) INPUT ERROR conditions, and 

(iv) OUTPUT ERROR condition. 

The HALT, STOP, INPUT ERROR and OUTPUT ERROR latches store 
the respective bits of information regarding the interrupt 
mode called for. It is essential to clear all these latches 
whenever the process is to be started. The START switch has 
been interlocked and is effective only when the READY latch 
is set (Figure 5.3). Before a demand pulse is sent to the 
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SAM, different operations have to be performed in a sequence 
given below; 

(i) The SYNC latch and the GREG- are to be cleared. 

(ii) The data is to be transferred from the BEEG to 
ERBG. 

(iii) If the STOP latch is set, then the SYNC latch is 
to be set which inhibits the demand pulse and 
clears the BREG. 

To achieve the above sequence, as pointed in 
Section 5*1» two monostable multis are used. Automatic 
clearing of the system and setting appropriate conditions 
of the latches have been achieved by a time delay circuit 
whenever the CONTROL is switched ON. The SYNC latch is 
used to clear the BREG whenever it is set. 

5.4 CODE DETECTOR AND CODE REGISTER 

The code is extracted from the data which is supplied 
to the system as explained here. The data for every inter- 
polation interval consists of three words, each of twelve 
bits, the last bit in every word being the parity bit. Also, 
the length of the cut for any interpolation intei^al can 
never be zero. Hence if the first eleven bits in any 
interpolation data of 56 bits are zero, the data is 
considered to be a code. This is achieved by using the 
word-clock. In Figure 5 *4 two cases of data have been 
considered: (a) When at least one data bit in the first word 
is *1*. (b) When none of the data bits is *1'. The 
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parity bit has not to be considered* avoided by word clock 
which senses and stores the information in a flip-flop (Qc,™) 
before the arrival of parity bit. The case (a) depicts that 
next two words are not coded data and (b) indicates that the 
next two words are coded. The two-bit code is again 
extracted by the same principle as the code sensing. The 
rest of the 24 bits (i.e. two words of data) are similarly 
checked. If in either word all the data bits except the 
parity bit are zero then the code register takes the code 
bit as ’O' else it takes the code bit as *1’. It shonld 
be noted that the CLOCK to the CREG is allowed only when 
the code indication has been marked. >/hen the data in 
EREG is executed, the next operation is commanded by the 
code stored in the CREG. The circuit realisation is shown 
in Figure 5.5. 

5.5 GATING CIRCUIT 

This gating circuit is required for providing the 
facility of ’fast return' to the 'defined origin', i.e. to 
retrace the path, when the RETRACE code commands it to do 
so. A decoder is, in general, needed for each axis to 
detect that the machine table has reached 'zero' position 
for the respective axis. The SN74190 up/down decade 
counters are used to track the position of table for 
each axis which give a decoded output (Max. /Min. ) going 
high when it has contents 'O' and is In down counting 
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mode or has contents ‘9' and is in up coimting mode. As in 
present set-up the counters have to he in the down counting 
mode to he ahle to reach the origin, these decoded outputs 
of all counter stages are AND-ed to give decoder output 
corresponding to that axis thus eliminating a separate 
decoder. These have been called Mx and My. The gating 
circuit uses these outputs to provide the proper controls 
(CLOCK SELECT and GATE SELECT, which are explained in the 
next chapter) to the stepper motor translator so that the 
Defined Origin is reached. Depending on the RETRACE code, 
the gating circuit permits the movement in the appropriate 
axis first and then in the other axis. The circtiit realisa- 
tion is shown in Figure 5.6. 

5.6 INDICATION CIRCUIT 

This circuit is realised for the detection of INPUT 
ERROR and, it's as well as joh over indication. The input 
error is sensed if the data does not come from the SAM 
in spite of the demand within a specified time (huilt-in the 
hardware depending on the design). This error sets a latch 
and gives visual indication on the console, the other role 
played hy this error has already been explained in Section 
5.1. With the completion of the job, the JOB OYER signal 
on the console is lifted and the READY latch is inhibited 
from being set. This signal also increments the CYCLE OVER 
counter. The CYCLE OYER Counter is incremented also when 
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FIG- 5.6 GATING CIRCUITRY 
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its code is sensed and the execution of the data in BREG 
is completed. The circuit realization is shown in Pigure 5.7. 
These latches can he cleared and the systmi enabled by the 
push-button UPSET. 

5.7 PEED CLOCK GENERATOR 

A very simple circuit is used for the feed-clock 
generator used to provide a variable clocking range to 
vary the feed-velocity of the table. The circuit uses a 
proper diode simulated by two transistors, as shown in 
Pigure 5.8. The waveform generated by the negative 
resistance relaxation oscillator is shaped by a Schmitt 
trigger. 
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FIG-5.8 FEED CLOCK GENERATOR 
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CHAPTER 6 


STEPPER MOTOR TRANSLATOR 

This chapter deals with the translator which is used to 
drive the stepper motor. After discussing the specifications 
of the stepper motor used in the system, the generation of 
the sequence required hy the stepper motor is taken up. The 
third section presents the control-logic requirements of 
the translator. Then the single-pxilse and clock- hurst 
generator is taken up and the chapter is concluded with a 
description of the power stage. 

6.1 STEPPER MOTOR 

There are three broad classes of stepper motors 
(i) Permanent Magnet (ii) Variable Reluctance and 
(iii) Hybrids. 'Permanent Magnet’ type is the most common. 
The one that has been used in the present work is of the 
permanent magnet type with bifilar windings. In this type 
the stator winding corresponding to each pole-pair consists 
of two centre— tapped coils wound in opposite direction 
(Eigure 6.1(a)). At any time, only one half of either 
winding carries current and the motor movement takes 
place by alternate switching of current from one half of 
the winding to the other half of the same winding. The 
four states depending on the positions of the two switches 
S-, , are given in Figure 6.1(b). Figure 6.1(c) shows the 
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directions of the magnetic field in these four states* indica- 
ted hy and respectively, ' e ^» and 

"being the magnitudes due to the individual coils. The 
direction of the movement depends on the sequence of these 
states, e.g. the sequence 1 2 3 4 results in the clockwise 
rotation of the magnetic field in the plane of Figure 6.1(c) 
while sequence 4 3 2 1 leads to the counter-clockwise 
rotation. The specifications of the motor are given "below: 

DC voltage = 12 volts 

Current per winding = 1.25 imps. 

Torque = 3 Eg- cm 

Pulse repetition rate should be 200 C/s 
Pulse height (H) sho-uld be 5V<H<12 V 

6.2 SEQUMCE GEEERATOR 

The switching sequence required for a stepper motor 
with bifilar winding has been described in the previous 
section. In actual practice, the information fed to move 
the stepper motor is the clocking (stepping) frequency and 
the direction in which it has to be moved. The sequence 
required for the two windings of the stepper motor are 
derived from this information and the circuit realization 
for the same is shown in Figure 6.2(a) with the phase 
currents in the half —wind ings shown in Figure 6.2(b). 

6.3 CQCTTROD LOGIC 

The requirement of the control logic for the stepper 
motor as required for the present work, are the manual 
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operation and the automatic operation* In the manual 
operation, the direction and gating of the clock for the 
stepper motor movement has to be done by switches on the 
console, while for the automatic operation, an extemall.y 
gated clock has to move the motor in a direction determined 
by an external direction information. This choice of the 
mode of operation is achieved by means of the control variable 
called MODE. With a view to making a general purpose 
translator for driving stepper motors, additional facilities 
have been incorporated. A control variable named CIOCE SELECT 
permits the user to select either an internal clock or an 
external clock, and another control variable CLOCK G-ATE 
allows the selected clock to be gated. 

In manual operation, clock gating is achieved by a 
push-button called SLEW. It permits the clock as long as 
it is kept pressed. As manual gating cannot be perfect, 
another control (STEP) is provided which sends one and only 
one pulse whenever it is pressed. These two manual controls, 
are similar to CLOCK GATE and CLOCK SELECT in the ranote 
mode. Directional information is given by a switch for 
manual mode and by a one— bit information in the r Quote 
mode. The realisation is shown in Eigore 6.5* 

6.4 SmGLB-PULSB AND CLOCK-BURST GENERATOR 

The internal clock generator for a translator has 
to fulfil two requirements, viz. (1) Provide a continuous 
clock, (2) Provide a single pulse in response to a mantial 
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pusli—T^utt on. Tlie clock frequency should "be linearly variable 
from about 2 Hz to 200 Hz. This has been realized using a 
UJT oscillator, two J-K flip-flops and a few gates as shown 
in Figure 6.4* The complete clock range is obtained by 
putting another capacitor in parallel by a switch S¥. linear 
range for each position of the switch is obtained by varying 
the resistance in the R-C timing circuit. 

6.5 POTOR STAGE 

Bach half of the two windings of the motor has to be 
driven by a stage, which is simply a power-transistor switch 
preceded by a TTl - compatible pnp driver, as shown in 
Figure 6.5. The function of the' free-wheeling* diode placed 
in parallel with the winding is to allow the current through 
the winding to decay gradually after the power stage is 
switched off. 










CHAPTER 7 


layout ahd opbratiig instructions 

This chapter describes the card-layouts, different 
controls and indications on the console. Then a brief 
description of its operation is given. 

7.1 CIRCUIT LAYOUTS 

The whole circxoit is spread in eleven printed 
circuit cards classified in four heads. Table 7.1 gives 
functional description of cards and Table 7,2 gives the 
card layouts. 

7.2 POWER SWITCHES 

(i) MAINS ~ The main switch for switching ON 230V AC 

( 1 Amp . ) . 

(ii) MOTOR - The motor switch for enabling power to 
the stepper motors. 

(iii) CONTROL - This switch energises the control 
system. 

7.3 PANEL DISPLAYS 

(i) 4 digit position display along x and y axes 

(ii) Passes completed (2-digit) 

(iii) Cycles completed (2-digits) 

(iv) Retrace LED indicating movement under PASS code 
tjo reach the defined origin # 
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CIASS CARD ME 


DESORIPTIOM 


CARD 

NO. 


TRANS' 
DAT OR 


BUFEER~DI7IDER PRM clock generator incor- 
DECODER p orating inhibition of 

clock if interpolation 
interval is zero. BREG- and 
EREG for C. 


b.ueeer-pem- 

CODNTER 

BUEEER-PRM- 

COXJNTER 


CQNTROl-I 


CQNTROl-II 


CQNTROL-III 


- Z-Drive 
T-Drive 


X-DI SPLAY 
Y-DI SPLAT 


BREG, EREG and PR]yi’s for 
X and Y. 

Counter for x and y. 


Demand clock generators. 
Sync, latch, code 
detector, GREG, IE latch 

Gating circuitry for 
RETRACE, Feed clock genera- 
t or , Int erp olat ion Flip- 
flop. 

halt, stop, ready latches 
and corresponding indi- 
cations. 


Sequence generator, single 
pulse and burst generator 
Gating circuit 
stage. 


4 digit position display, 
counters and decoder 
drivers , logic circuit for 
display. 


PASSES iND PASS counter, CYCLE Counter 

CYCLES DISPLAY with corresponding decoder- 7.8 

drivers and 2-digit displays. 
JOB-OVER Indication. 



FIG-7.1 BUFFER DIVIDER DECODER 
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FIG -7.7 POSITION DISPLAY 
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Table 7.2: CARD LAYODTS 


CLASS 

card no 

CHIPS USED 


POWER 

DISSIPATION 

S 

Y 

S 

T 

7.1 

SN7402-H,M,N 

SH7495-A»B,C,E,P,G 

Slir74l91“I»J»K 

S1T7421-L 

SH74121-D 

2880 mW 

E 

M 

7.2 

S1I7402-D 

SN7495-A»B,C,E,P,G 

SH74121-I 

SII7421-H 

Sai7497-J,K 

S1T74191-L,M,1T 

3480 mW 

C 

0 

7;'3 

SN7400-S 

SN7407-F 

SH7420-M,l!l 

S1T7476-K 

SH74.02-H,L 
SII7408-A,G»J»F 
SN7473~I»0,Q,R 
S1T74121-B, C,D,B 

1670 m¥ 

N 

T 

R 

0 

L 

7.4 

SN7400-B,C,D,F,E 

SH7408-I 

Slir7420-J 

SN7486-A 

SH7402-E 

StJ7415-G 

SH7475-H 

530 mW 


7.5 

SN7400-B,G,D,E,H 

SK7402-F 

SN7421-A 

SH7401-I 

SN7420-G 

820 m¥ 

TRMS- 

LATOR 

- 7.6 

SN7400-A»B,D,B»G 

S1I7474-H 

SN7473-C 

SN7486-F 

505 mW 

~T3 

I 

S 

P 

L 

7.7 

SN7400~J 
SF7447-B,F»G,H 
SN7486-P 
siA-7 e:,i,m,h,o 

3177421-1 

SN7474-Q 

Sfr74190-A,B,G,D 

4365 m¥ 

A 

Y 

7.8 

SH7400-K 

SH7490-A,B,C,D 

SN7447-E,F,G,H 
SLA-7 I,J,L,M 

3500 n¥ 


TABLE 7.3: CARD PIN-CCHNECTIONS 
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(v) Job over indicator light. 

(vi) Ready light indicating state of the Ready latch. 

System can. he started only when this light is OR. 

(vii) Running Indication - This LED keeps going OR and 
OPE during the process. 

(viii)IRPIJT ERROR Light — This light indicates the failure 
of arrival of data from the 3AM. in spite of demand 
sent. 

(ix) OUTPUT EPJR.OR Light - This light indicates instantaneous 
execution error more than the tolerance limit, 

7.4 PARE! CCRTROL SWIT'CHES 

(i) CLEAR display - It clearsthe counters storing x and y 
positions, passes completed and cycles completed. This is 
used to define ORIGIR and hence it must not be pressed 
until a new origin has to be defined. 

(ii) MARUAL/AUTO - This switch determines whether CORTROL 
is to be manual or by a program, 

(iii) Forward /Reverse ~ It is used to determine direction 
of movement of stepper motor in manual mode. 

(iv) STEP ~ It causes the motor to move by a single step 
in the selected direction in manual mode, 

(v) SLB¥ - It causes the motor to run continuously in 
the selected direction as long as it is kept pressed in the 
manual mode, 

(vi) HAl/P “ It halts the movement of the system as soon as 
it is pressed. 
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(■vii) STOP -- It stops the system only when no data is 
left in the system registers (EREG- and BREG). 

(viii) RESET - It is used to clear the IB, OB and JOB OVER 
latches to enable START either when starting the next job 
or after correcting the error which might have occurred. 

(ix) PEED RATE - Used to vary the rate of movement of the 
table (bed). 

7.5 PARBI COMlCTORS 

At the Bront Panel a connector is provided for 
connecting it to the Serial Access Memory and at the back 
panel two connection have been provided for connecting 
the stepper motors which drive the bed-positioner. 

7.6 OPERATING INSTRUCTIONS 

7.6.1 1, Ensure that OON'^ROL and MOTOR enabling switches 

are OFF. 

2. Connect SAM and motors to the system. 

5. Switch MODE to MANUAL. 

4. Switch ON the AC mains. 

5. Switch ON the CCNTROL. READY, HALT and STOP 
will turn ON. 

6. Energise the motors by motor switch. 

7. Bring the machine table to the point to be defined 
as ORIGIN by DIRECTION, SLEW and STEP controls provided on 
the console for both the axes. 

8. Push CLEAR to define the reached point as ORIGIN. 
All the numeric displays will show zero. 
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7.6.2 NOEMAL OPERATION 

1. Switch MODE to AUTO. 

2. Push START. READY, HALT and STOP indications go OEE. 

3. The machine starts moving in accordance with the data 
fed by SAM and INTERPOLATION indication makes transitions 
between ON and OPE states only if the INPUT BRROR indication 
does not come up. Each -''transition indicate ezecution of the 
next data. 

7.6.3 CODE FACILITIES 

(a) PASS OVER - The RETRACE indication glows when 
the machine works under the PASS-Code when the retrace to 
ORlClN is complete, the PASSES OVER display is incremented 
by one and new data is automatically fetched to continue the 
process. 

(b) CYCLE OVER ■“ The STOP indication glows when 
this code is sensed and the machine comes to a stop after 
the execution of the current data is completed. The READY 
indication comes up implying that the machine can be re-started 
by pressing the START push-button. Also, the CYCLES OVER 
display is incremented by one and the PASSES display is 
cleared . 

(c) JOB OVER — The STOP indication comes and the 
machine comes to a stop as in CYCLES OVER code, except, that 
after the ezecution of the current data is completed, the 
READY does not light up, instead the JOB OVER indication is 
lighted. The machine cannot be started by pressing START 
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push-botton -until the system is reset by the RS'3BT push- 
button, -sfhich turns OPP the JOB OYSR light and turns ON 
the READY light. 

7.6.4 mamial interrupt PAGIIITY 

(a) HALT - On pushing the HALT push-button, the 

HALT and READY indications are turned ON and the machine 
stojs at" once but^f machine is retracing -under the 
PASS code then the machine does not stop and READY also 
does not light up- ,even though HALT is glo-wing. However, 
the machine can be halted even when retracing under the 
PASS code simply" by switching MODE to MANUAL. Operation 

is then res\-fflied whenever MOLE is switched back to AUTO. 

If the READY indication does not light up but the machine 
stops on pressing HALT, it implies that the PASS code has 
been sensed by the system and after the current data is 
executed, RETRACE will take place. 

(b) STOP - On pushing the STOP push-button, the 
STOP indication glows and the machine comes to a atop when 

no relevant data is left in the system. THe STOP indication 
does not glow on pushing the STOP push-button implies that 
the next data corresponds to PASS code and the STOP control 
is ignored. If it is essential that the system should 
not take any more data then the STOP push-button sho-uld be 
kept pressed when the machine is approaching the defined 
ORIGIN under the PASS code till the STOP and READY 
indications glow. 
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7.6.5 ERROR IERIGaTIORS 

A simple trouble-siiooting chart is given below which 
will facilitate the user to make a quick check on the overall 
system interconnections. In case the error persists -fehen a 
complete check up of the controller will of-course be 
necessary. 

table 7.4: TROUBLE-SHOOTING CHART 


ACTION 

OBSERVATION 

REMEDY 

’ -3 

CONTROL switched 
ON 

Numeric display or 
halt Or STOP or 

READY does not ^ow 

Check power supplies 

SLEW/STEP push- 
butt ons pressed 

Motors do not 
respond 

Check motor power 
supply 

START pushed 

READY, HALT, STOP 
go OEF blit the 
machine does not 
move . 

Check the MODE switch, 
it should be in AUTO 
position. If it is 
in AUTO, it means that 
the first data supplied 
is a code which is not 
permitted. The process 
can be re-started by 
switching the CONTROL 
to OFF and then to ON 
posit ion. 

START pushed 

As above and INPUT 
ERROR light comes 
up 

Check SAM (data is not 
s uppl i ed in sp it e oi 
Demand bein^ sent ) . 
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CHAPTER 8 

TEST RESULTS AM) GOHCIUDIHG REB-IiUiKS 

This chapter describes the testing circuit required 
for the controller followed by the tests made using the 
test circuit. The chapter is concluded by the description 
of test made and system response to the test. 

8.1 TEST CIRCUIT 

As the Humerical Controller fabricated does not 
have a memory to store the whole of the program, it requires 
a memory which should supply to it the desired data whenever 
the need arises. This requirement makes it dependent on 
another equipment which has earlier been named as SAM, the 
Serial Access Memory. To be able to test this instrument 
independently, a simple circuit has been designed and 
fabricated . 

The test-circuit has to supply the serial clock, data 
and word clock whenever a demand is sent to this circuit 
by the system. To be able to supply the data for one 
interpolation interval, a memory of at least 36 bits 
(three words of 12 bits each) is required. Here, to 
simplify it further, eight least significant bits of each 
word have been taken to be zero for ever and instead a 
gated burst clock is fed to three shift registers (each 
shift-register corresponding to four most significant bits 
of each word). The sign and magnitude of the words 'x' and *y 




Fi<S-S>-l TEST CIRCUIT 
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and magnitude of the word ’L' can be changed by switches provided 
on the front-panel of the test-box. The data corresponding to 
these switch positions is fed to the shift-registers by pressing 
the push-button provided on the front-panel of the test-box. 

The ccanplete circuit is given in Figirre 8,1. The table given 
below explains the different combinations of data that can be 
fed using the test-box and their interpretations. 


TABLE 8.1 DATA INPUT BY TEST-BOX 


% 




INTERPRETATION 

0 

0 

0 

0 

0 

JOB OVER Code 

0 

0 

0 

A* 

PASS Code, retrace takes place first 
along y-axis and then along x-axis. 

0 

A 

0 

0 

PASS Code, retrace takes place first 
along x-axis and then along y-axis. 

0 

A 

A 

CYCLE OVSR Code 

1 

jil® 0 

0 

1 

Movement along y-axis in positive or 
negative direction depending upon 
whether Sy is zero or one respectively. 

1 

0 

1 

0 

0 

Movement along x-axis in positive or 
negative direction depending upon 
whether S^ is zero or one respectively. 

1 

0 

1 

0 1 

Movement along both the axes simxiltane- 
ously, the slope and direction being 
dependent on Sy Sy* 

1 

0 

0 

0 

0 

Impossible situation, not permitted. 


* A 


01 

10 

11 


0 


0 or 1 
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8.2 TEST PROCEDURE 

ComifeCo ijE© 'bss'fe“loox "fco "till© sy'^'bsijj ( 3^0 "fcE© * 111131 ial 
Adjustments’ as explained in Section 7.6.1, Set the data hy the 
switches and feed it hy pressing the push-button all on the 
front-panel of the test-box. Follow the instructions for ’Normal 
Operation’ given in Section 7.6.2. Set the next data quickly 
on the test-box and feed it before the next demand comes. The 
next demand is indicated by the change in the state of 
INTERPOLATION LEE on the console of the system. If the push- 
button on the test-box is kept pressed and demand comes, then 
it will lead to erratic operation of the system. 

Various test patterns were tried on the system by 
different combinations «f data fed to the system. One example 
is illustrated here for which the test-pattern is given in 
Figure 8.2. Different segments of the test— pattern have been 
named which are traced out by the data fed, which is given in the 
table below. 

TABLE 8.2 TEST PATTERN TABLE 

Segment L Z Y Segment L ' X Y ~ 

No. No. 


1 

1 

C 

1 

0 

0 

13 

1 

0 

0 

1 

1 

2 

1 

0 

0 

0 

1 

14 

1 

0 

1 

1 

0 

, 4 

0 


A 

0 

0 

15 

1 

0 

0 

1 

1 

5 

1 

0 

1 

0 

0 

16 

0 

A 

A 

6 

1 

0 

0 

0 

1 

17 

1 

1 

1 

1 

0’ 

7 

1 

0 

1 

0 

0 

18 

1 

1 

0 

1 

1 

8,9 

0 

0 

0 

A 


19 

1 

1 

1 

1 

0 

10 

1 

0 

1 

0 

0 

20 

1 

1 

0 

0 

1 

11 

1 

0 

0 

0 

1 

21 

1 

1 

1 

0 

0 

12 

1 

0 

1 

0 

0 

22 

1 

1 

0 

0 

1 







23 

0 

0 

0 

0 

0 



Q K 
UJ 2 
V- Ui 

«- z 

0 

Q V 


t- 

2 




FIG-&.2 TEST PATTERN 
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